Abstract. The feasibility of an earthquake early warning Shield in Greece is being explored as a European demonstration project. This will be the first early warning system in Europe. The island of Revithoussa is a liquid natural gas storage facility near Athens from which a pipeline runs to a gas distribution centre in Athens. The Shield is being centred on these facilities. The purpose here is to analyze seismicity and seismic hazard in relation to the Shield centre and the remote sensor sites in the Shield network, eventually to help characterize the hazard levels, seismic signals and ground vibration levels that might be observed or create an alert situation at a station. Thus this paper mainly gives estimation of local seismic hazard in the regional working area of Revithoussa by studying extreme peak ground acceleration (PGA) and magnitudes.
Introduction
Earthquake early warning or earthquake real-time warning systems use modern technology to attempt to estimate earthquake parameters during the actual faulting process. It calculates earthquake strong motion (usually ground acceleration) by detecting the first elastic wave of the sequence that arrives from an earthquake. It can issue a warning prior to the arrival of the damaging secondary wave for the facilities far enough from the seismic source if a dangerous threshold is exceeded. The leading time is from a few seconds up to 1-2 min. The early warning system for Mexico City was successfully tested by a large earthquake (7.3 M S , 14 September 1995) by giving warning information 72 sec before the arrival of strong ground motion (Espinosa et al., 1995) .
Our "SHIELDS" (Safeguarding Hydrocarbons Inside Earthquake Local Defence System) project funded by CEC (Commission of the European Community) is to design a demonstration earthquake early warning Shield) and provide an earthquake early warning signal for the Revithoussa hydrocarbon site in . Revithoussa Island is about 20 km from Athens. It contains liquid gas storage vessels, pipelines and related technology. It is the key infrastructure providing delivery of gas to urban units in Athens. It will continue to be developing in that oil and gas pipeline is being constructed in Greece to bring hydrocarbons into EC from European and non-EU countries. Therefore this earthquake early warning shield is important. This CEC demonstration project will be the first early warning system in Europe; nearby an early warning system is being prepared to help protect Istanbul (Erdik et al., 2003) . The Shield is being centred on these facilities in the island of Revithoussa. The purpose here is to analyze seismicity and seismic hazard in relation to the Shield centre and the remote sensor sites in the Shield network, eventually to help characterize the hazard levels, seismic signals and ground vibration levels that might be observed or create an alert situation at a station. Thus this paper mainly gives estimation of local seismic hazard in the regional working area of Revithoussa by studying extreme PGA and magnitudes. In other words, this estimation contains two major parts of the study. The first is the hazard analysis based on the extreme magnitude by the third Gumbel model and earthquake perceptibility around the gas storage site (Revithoussa). The second is the study of local ground acceleration hazard of the working area, based on free-zonation, using the first Gumbel model.
Shield regional working area of Revithoussa and data
Generally, the engineering seismic influence from the region beyond 200 km away from a site can be ignored. Based on this principle, the region (35.50 • -40.00 • N, 21.00 • -25.50 • E) is selected for this study for the Revithoussa hydrocarbon site (37.961 • N, 23.404 • E) ( Fig. 1 ). Extreme strong ground motion and magnitude occurring in the region 200 km around the site will be studied.
First we update the MB earthquake catalogue for Greece 1900 -1978 (Makropoulos and Burton 1981 Makropoulos et al., 1989) to include 1979 -1999 (Burton et al., 2003c . The basic references for this updated work are ISC, NEIC and CMT Harvard catalogues. NOA (National Observatory of Athens) catalogue was consulted for the most recent events. Engdahl et al. (1998) , Préez (1999) , and some Greek seismologists (Papazachos and Papazachou, 1997; Margaris and Papazachos, 1999; Baba et al., 2000) were also consulted to improve basic qualities such as accuracy, completeness and homogeneity. This updated catalogue is used to compute peak ground acceleration at a point of interest associated with each event. Generally speaking, the earthquake records , M S ≥ 5.5) for Greece can be regarded as complete samples of data (e.g. Makropoulos and Burton 1981; Makropoulos et al., 1989; Papazachos and Papazachou, 1997; Papaioannou and Papazachos, 2000) . We use these records for analysis in this paper.
3 Hazard analysis of extreme magnitude and earthquake perceptibility
Methods
-Extreme magnitude from Gumbel III model Gumbel's third asymptotic distribution of the extreme values (Gumbel, 1966) has long proven to be suitable to describe seismic activity, one reason being the existence of an upper limit to the extreme value for magnitude:
where ω is this upper limit to magnitude occurrence, m the extreme magnitude in a unit interval (typically one year interval), µ is the characteristic extreme magnitude value, λ describes the curvature of the distribution and G I I I stands for probability in the Gumbel's third model. As mentioned above, if the sample interval is set to be T years, rather than annual, and the samples are independent of each other, then the relation (1) can be written as:
The probability density ρ can thus be obtained:
from which the most probable magnitude over the time interval T , by setting dρ dm = 0, is (Makropoulos and Burton, 1985a) :
Then the extreme magnitude m in the T -year interval has a probability of (G I I I ) T and can be calculated as:
-Perceptibility Earthquake perceptibility is defined to be the probability that a site perceives ground shaking at least of intensity I arising from, i.e. conditional on, an earthquake occurrence of magnitude M (Burton, 1978 (Burton, , 1990 , i.e.:
The term P c (I ) estimates the probability of perceiving intensity level I from a magnitude M earthquake, this will increase with magnitude, and can be considered as a ratio of the felt area at intensity I or greater to that of the given area investigated. The felt area at intensity I can be obtained from the local macroseismic attenuation relationship. Papazachos and Papaioannou (1997) , on the basis of macroseismic field investigation of the shallow earthquakes in the Balkan area, using a large sample of macroseismic data, suggested that the macroseismic intensity at a site is a result of anisotropic radiation at the seismic source, geometrical spreading and anelastic attenuation along the wave path. They suggested the following attenuation relation for shallow earthquakes:
Y. Xu et al.: Regional seismic hazard for Revithoussa, Greece where I is the intensity on the MM scale, M is the corresponding moment magnitude and R the epicentral distance in kilometer . Although Eq. (7) was derived using MM intensities, it should be noted that the intensities defined by the recently introduced European Macroseismic Scale 1998 (EMS-98 Scale) are not significantly different. The EMS-98 is the most recent adaptation of the previous intensity scales. The term P e (M) is the derivative (probability density) of the third asymptotic law and estimates the probability of a magnitude M occurrence. The magnitude which is most probably felt at a site at intensity level I or higher corresponds to the largest value of Eq. (6) i.e. where
This is the condition that defines the "most perceptible earthquake". In other words, this determines the earthquake that is most likely to be perceived or felt at any level of ground motion at a site or in a region and is therefore a characteristic property of the region (Burton, 1990 ).
-The most probable magnitude The most expected extreme magnitude of a T -year interval is the one where the corresponding probability density is largest, i.e.
d 2 GI I I T (ω,µ,λ) dm 2 = 0 from which it follows that: and the earthquake with probability P of being a maximum or not being exceeded in a T-year interval can be obtained from Eq. (5) as:
The magnitude error σ m , however, can be estimated from the following equation:
where ∂M ∂ω , ∂M ∂µ and ∂M ∂λ are the partial derivatives of Eq. (1), and σ ω , σ µ and σ λ the square root of the diagonal elements of the covariance matrix (Burton, 1979; Burton and Makropoulos, 1985; Makropoulos and Burton, 1985a ).
Analysis
The study for extreme earthquake magnitudes is carried out using two-degree cells with half-degree overlap strategy to scan the region of Greece. The maps of results for the Revithoussa working area are focused results stemming from a much more general analysis for Greece (Burton et al., 2003a) and are examined here in detailed resolution. The main results are as follows. Firstly, the distribution of the largest magnitude M 50 (Eq. 9, Fig. 2 ) expected over the time period of 50 years for the working area is roughly in the range 6.6-6.8 M 50 for the Revithoussa site is about 6.5 and the values for PeloponnisosHellenic zone are around 6.6. This should be the key place to be monitored by the Shield system. The zone of M 50 ≈ 7.0 is at the northeastern part of the working area, which is to the east of Volos. This zone is far from the Revithoussa site although the value is high. However it should still be of note for the Shield system. The zone with low value M 50 ≈ 6.4 is close to the Gulf of Petalion which is to the east of the Revithoussa site.
Secondly, the values of the magnitude M p50 (Eq. 10, Fig. 3 ) expected with a non-exceedance probability of 90% over the time period of 50 years for the Gulf of Corinth are in the range ∼ 7.2 − 7.4. This zone is again close to Revithoussa site and therefore it should be the main zone to be monitored. M p50 for the site is about 6.8. The zones with M p50 ≥ 7.4 are: (a) the region to the west of Patras and (b) that to the northeast of Volos. The first of these is not far from the site and it is of great importance for the Shield. The low value M p50 ≤ 6.8 is for the Gulf of Petalion in the east.
Results for earthquake perceptibility are shown as Figs. 4a-c. These also provide reference hazard parameters for the Shield early warning monitoring system; the most perceptible earthquake indicating the magnitude of the earthquake that is most likely to be felt at a specific level of intensity. The main results are as follows.
Firstly, the values of most perceptible earthquake magnitude M VI (Eq. 8, Fig. 4a ) for intensity VI in the Gulf of Corinth are approximately 5.8-6.0. This zone is close to the Revithoussa site. There is M VI ≈ 5.8 for the site. M VI ≥ 6.8 is for the locality to the northeast of Skiros. The values for most other localities are in the range 6.2-6.6. Secondly, the value M VII (Fig. 4b) for intensity VII at the site is 6. The main parameters estimated to characterize the seismicity and hazard are: the 50-year magnitude and the same with 90% pnbe (one in 10 chance of being exceeded), M 50 and M p50 , and the most perceptible earthquakes at intensities VI, VII and VIII with magnitudes M VI , M VII and M VIII . These parameters for all Shield seismic alert stations of Revithoussa ( Fig. 1 ) are shown in Table 1 . These are the important references characterizing seismicity for the stations. Similar to the discussion in Sect. 3.1, we also use the extreme value distribution of Gumbel (1966) for this study. Here the first Gumbel asymptotic distribution (Gumbel I) is given by
where α and the characteristic modal extreme u are two parameters of this distribution, and G I is the probability that a is an annual extreme of peak ground acceleration at a point. The peak ground acceleration expected to be the annual maximum with probability P is given by
or the peak ground acceleration which has probability P of not being exceeded in T year is This paper does not use Gumbel's 3rd distribution for the annual maximum acceleration as this will result in poor convergence with value of curvature λ close to zero (Makropoulos and Burton, 1985b) , because maximum accelerations are not physically analogous to maximum magnitudes.
Peak ground acceleration attenuation model
-MB Peak Ground Acceleration Model Makropoulos and Burton (1985b) derived a peak acceleration attenuation model from eight well known formulae which resulted from worldwide studies because the limited numbers of strong motion records did not permit regional study of attenuation of ground vibration in Greece at that time. This model or formula is given by a = 2164e 0.7Ms (r + 20)
where a is peak ground acceleration, M S is earthquake magnitude and r is hypocentral distance in kilometers. This attenuation law is an average of eight independent attenuation laws used to describe the attenuation of peak ground acceleration by various authors in the mid-1970s (Ahorner and Rosenhaur, 1975; Bath, 1975; Donovan, 1973; Katayama, 1974; Orphal and Lahoud, 1974; Shah and Movassate, 1975; Trifunac, 1976) . This average law was demonstrably compatible with the few observations of strong ground motion then available.
-TP Peak Ground Acceleration Model This TP model was obtained directly using 105 horizontal records from 36 shallow earthquakes in Greece, with magnitudes 4.5-7.0, (plus a further 16 horizontal components from four shallow subduction earthquakes in Japan and Alaska, 7.2-7.5 M):
where a h is the peak horizontal acceleration in cm s −2 , R is epicentral distance in km, S is equal to zero at "alluvium" sites and equal to one at a "rock" site, and P is zero for mean or 50-percentile values and one for 84-percentile values.
-NTP Peak Ground Acceleration Model Theodulidis (2001) pointed out that there are some problems about Eq. (16) when selecting S = 1 at a "rock" site. This is because the majority of strong motion data, which they had at that time recorded on "rock" and used in their regression analysis, came from a station whose surface geology was characterized as "rock". In fact, the later geotechnical investigation on site found a thin layer (∼ 10 m) of weathered material that amplified strong motion around 5-7 Hz. Therefore PGA was observed in this frequency range. The soil category "rock" is slightly biased by this site and this attenuation relation for "rock" may be absolutely valid only for similar soil/depth properties. However, peak ground velocity and displacement were not affected by this thin layer because these anomalies usually appear at the lower frequencies. Theodulidis suggests that S = 0.5 should be used for "stiff soil" condition instead of S = 1 for "rock". This corrected TP model is referred to as the NTP model. 
Equation (17a) is calculated with no depth control in M S magnitude range 5.0-7.3. h o is 4.04 in r 2 = d 2 + h 2 o in Eq. (17a). Equation (17b) is calculated with depth control using r 2 = d 2 + h 2 (r is slant distance to the source using focal depth h; there is no h o ) and in M S magnitude range 5.0-7.3. Equations (17a) and (17b) may be appropriate to analyze horizontal PGA seismic hazard by our extreme value approach, since magnitudes < 5 M S are unlikely to cause damage and be of engineering concern (Burton et al., 2003b The curves ah tp and ah ntp obtained directly from Greek data are quite similar to the curve ah mb derived from other areas outside Greece, while the curve ah am1 derived from European data without depth control is close to ah am2 derived from European data without depth control. The PGA values represented by the curves ah tp and ah mb are quite similar to the corresponding values in the NEAK map, but those represented by the curves ah am1 and ah am2 are much smaller than those in the NEAK map. It seems that the Eqs. (15), (16) and NTP model are most appropriate to analyze horizontal PGA seismic hazard by our extreme value approach and further equations are being developed by others (Margaris et al., 2002) .
Estimations of regional ground acceleration hazard of Revithoussa

MB model
The Greek region is divided into a grid of mesh 0.5 • intervals of latitude and longitude. All earthquakes above the magnitude threshold are selected within two degrees of each grid point to calculate PGA at the grid point based on the MB model and the Gumbel I distribution fitted to the ranked annual extreme PGA values. This paper uses 0.5 • meshes as the base for all attenuation models. Figure 6 shows the result based on the MB model with 90% probability of not being exceeded during the time period T = 50 years for data 1900-1999, M S ≥ 5.5. There are two regions with high PGA values (≥ 200 cm s −2 ). These are the (Table 2) . NTP, AM1 and AM2 models at Revithoussa. Figure 7 shows the results based on TP model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites) for data 1900-1999 (M S ≥ 5.5): there are three main regions with high PGA values ≥ 300 cm s −2 . These are the Gulf of Corinth, the region south from Peloponnisos (the southeastern part of the Helenic arc seismic zone) and Limnos Island and the neighboring region northeast from Revithoussa. However the region east from Revithoussa has low PGA values. From the distribution for data 1964-1999 (M S ≥ 4.0) there are two main regions with high PGA values ≥ 300 cm s −2 : the Gulf of Corinth and the northeastern part of this working area. However, in this case the Peloponnisos is not a region with high values because the time period for this set of data does not include the strong earthquakes before 1964. The PGA value based on the TP model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites) for data 1900-1999 (M S ≥ 5.5) is about 249 cm s −2 for Revithoussa (Table 2 ).
TP model
NTP model
From Fig. 8 based on the NTP model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites) for data 1900-1999 (M S ≥ 5.5), there are three regions with high PGA values (≥ 250 cm s −2 ). These are the Gulf of Corinth, the region south from the Peloponnisos (that is the Hellenic seismic zone from the southern and southwestern coast of Peloponnisos to Crete along the Hellenic trench or arc), and the Limnos Island region northeast from Revithoussa. The region east from Revithoussa still shows low PGA values. The PGA values based on the NTP model are smaller than those for the TP model and these seem to be more reasonable. This distribution based on NTP model is quite similar to that from the TP model (Fig. 9) . As discussed in Sect. 4.1.2, NTP model is derived from the TP model with some corrections. Therefore the PGA distributions based on the NTP model should be more reasonable. The results based on the TP model show larger values which are very different from the results based on either the MB model or NEAK. The NTP model is derived directly from Greek data. It should correctly reflect the distribution of the expected strong motion for the Revithoussa working area in Greece. The distribution for data 1964-1999 (M S ≥ 4.0) is similar to that in Fig. 8 . The reason it does not reflect the distribution with high value in the Peloponnisos is as described in Sect. 4.2.2. The PGA value based on the NTP model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, stiff soil sites) for data 1900-1999 (M S ≥ 5.5) is about 203 cm s −2 for Revithoussa (Table 2 ).
Ambraseys models
In the distribution of PGA values based on Ambraseys model (no depth control) with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites, Eq. (17a) for data 1900-1999 (M S ≥ 5.5)) (Fig. 9) , we can still find three regions with PGA values ≥ 150 cm s −2 . These are the Gulf of Corinth, Limnos Island and the neighboring region and the region southeast from Peloponnisos. However the values based on Ambraseys model are small compared with the corresponding values based on MB, TP or NTP models. This deviates from the reality of seismicity related to strong ground shaking in Greece, and although this model may represent the global acceleration relation based on the European database, the seismicity in Greece requires specific study. The results for data 1964-1999 (M S ≥ 4.0) are also low and could not reflect the reality of seismicity in Greece. The PGA value based on this model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites) for data 1900-1999 (M S ≥ 5.5) is about 131 cm s −2 for Revithoussa. The results based on Ambraseys model (depth control) with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites, Eq. 17b) for data 1900-1999 (M S ≥ 5.5) are shown in Fig. 10 . We still can see two regions with values ≥ 100 cm s −2 . These are the Gulf of Corinth and Limnos Island and neighboring region. However the values are even smaller than those without depth control. The results for data 1964-1999 (M S ≥ 4.0) are similar to those in Fig. 10 . The PGA value based on this model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, rock sites) for data 1900-1999 (M S ≥ 5.5) is about 93 cm s −2 for Revithoussa.
Summary
Estimations of local ground acceleration hazard for the Shield regional working area of Revithoussa indicate that the results based on two Ambraseys models appear to give too low PGA values, deviating from the reality of seismicity related to earthquake strong ground shaking in Greece. The results based on the MB model are similar to those of NEAK. The MB law is an average of independent attenuation laws derived from other areas outside Greece. The TP and NTP models Theodulidis, 2001 ) directly drew on 105 Greek historical records of earthquake strong ground shaking, and should be reasonable for the seismicity in Greece. The results based on TP model may be higher than NEAK, while the results based on NTP model are similar to those of NEAK. It is clear that NTP model (Theodulidis, 2001 ) corrects the TP model (Theodulidis and and therefore it reflects the reality of seismicity in Greece. According to NTP model, NEAK values may need to increase slightly to be in complete harmony. This result is supported by other results such as assessments of earthquake hazard in Turkey and its neighboring region by Erdik et al. (1999) . In spite of the above small differences, all analyses show in common that, within the Shield region, the most important zone to be monitored is WNW from Revithoussa, the Shield centre and is at a relatively short distance (50 km or less), the Gulf of Corinth (active normal faults) region. This is the critical zone for early warning. A second key region of seismicity is at an intermediate distance (100 km or more) from the centre, the Hellenic seismic zone south or southeast from Peloponnisos. A third region to be detected would be the north-eastern region from the centre and is at a relatively long distance (about 150 km), Lemnos Island and neighboring region in the area influenced by the western extensions of the North Anatolian Fault zone. The eastern region from this centre is a region with low expected PGA values. This is not the key region for seismic detection although attention is necessary to avoid false alarms. PGA values at the Revithoussa site for different models and datasets are summarized in Table 2 . Among these, the PGA value based on NTP model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, stiff soil sites) for data 1900-1999 (M S ≥ 5.5) is about 203 cm s −2 . This value should be accepted as a typical estimation of local ground acceleration hazard of this earthquake early warning Shield. Here accelerations (cm s −2 ) which have 90% probability of not being exceeded in 50 years based on the MB, TP, NTP, AM1 and AM2 models for all Shield seismic alert stations (Fig. 1a) of the early warning network are also listed in Table 3 . These provide key references for expected levels of strong ground shaking at these stations and can be considered as alert-level strength.
In short, the above results provide the background to design earthquake monitoring stations for this system to supply an effective early warning Shield for Revithoussa hydrocarbon centre. These data enable the selection of expected alertsignals i.e. examples of strong ground vibration histories that might be expected at these Shield stations.
It must be stressed that average attenuation models have been used here because the aim of this paper is to provide the general estimation of local seismic hazard in the regional working area of Revithoussa by studying extremes of PGA.
It is well known that individual source-site azimuths may deviate from such averages. Uncertainties introduced by the influence of the local ground condition at the sites may also need to be taken specifically into account. PGA alone may not be a sufficient basis for developing critical alarm parameters and the frequency content and the duration of signals may also prove important in the decision making process, never-the-less PGA quantifies the regional seismic hazard through a well understood parameter.
Selection of strong motion signals for alert
Design of the Shield earthquake early warning stations can be regarded as the search for assumed earthquakes that represent all characteristics and behaviours of the earthquakes likely to be experienced within 50 years at each station. Therefore the task for this section should combine with earthquake scenario selection based on Sects. 3-4 to identify the type of strong motion signals for which stations in the early warning Shield network should be on the alert.
As discussed in Sects. 3-4, accelerations which have 90% probability of not being exceeded in 50 years based on different attenuation models for all Shield seismic alert stations are listed in Table 3 . Also the main parameters estimated to characterize the seismicity and hazard: the 50-year magnitude and at the 90% pnbe, M 50 and M P50 , and the most perceptible earthquakes at intensities VI, VII and VIII with magnitudes M VI , M VII and M VIII for all stations are shown in Table 1 . These can be used in the selection of earthquake strong motion data, which might rarely be monitored -perceived -at each station. These are termed "alert signals".
The extreme magnitude values such as M 50 and M P50 (Table 1) are the criteria used to select the characteristic events. The CD-ROM of the European strong-motion databank (Ambraseys et al., 2000) supplies a database for the selections. Here we have two principles. The first is idealism. This means that the maximum values in Table 1 should be used as criteria for selection for the station if possible. The second is practical. This means that the database should be used fully for the selections if reasonable. In practice, a balance between both principles is maintained to ascertain likely repeatable average peak acceleration in a future event.
As shown in Table 1 , the range for M P50 is 6.8 − 7.3 M S . Variation of ±0.5 is accepted on magnitude when considering the errors and other factors. Then the range becomes 6.8 ± 0.5 − 7.3 ± 0.5 M S . If M P50 is accepted as the criterion, then a small number of historical strong motion records or signals are selected because the maximum record for Greece in the databank of European accelerograms is 7.02 M S . However the range for M 50 is 6.4-6.9 M 50 . With variation of ±0.5 on magnitude, the range becomes 6.4 ± 0.5 − 6.9 ± 0.5 M S using M 50 as the criterion. There are two advantages. First, there is a considerable number of historical strong motion records or signals now available for selection. In this way the database can be used effectively. Secondly, this selection will contain some of those from the previous selection, which used M P50 as the criterion. M 50 is used herein as a principal criterion with variation of ±0.5 on magnitude.
For example, M 50 (6.5 M S ) for Revithoussa (Shield centre or Station 0, Table 1 ) is used as the criterion. Then the range 6.5 ± 0.5 or 6.07.0 M S should be the search parameter for the scenario. Therefore the results of strong motion records selected as scenario or "alert signals" for Revithoussa are as listed in Tables 4a-b. The Tables contain: time, depth, M b , M L and M S , epicentral intensity, station for the record, station intensity or site intensity, PGA X, PGA Y and PGA Z. Table 4a is from the strong-motion database of the National Observatory of Athens (NOA, Greece) and Table 4b is from the database of the Institute of Engineering Seismology & Earthquake Engineering (ITSAK, Greece). The strong motion accelerograms (N-S, E-W and V) for the characteristic event (24 February 1981, 20:53:37 LT, 38.100 • N, 22.840 • E, 6.5 M S . No. 157a in Table 4a ) are shown in Fig. 11a (No. 157a) . Those for the rest of the characteristic events (Nos: 157b, 158, 284a, 284b, 83, 165a, 165b, are also shown in Fig. 11a-d . The strong motion records selected for Station 8 are the same as those for Station 0. Similarly, those selected for Stations 1-5, 6 and 7 are listed respectively in Tables 5a-b, 6a-b and 7. And the strong motion accelerograms (N-S, E-W and V) for the characteristic events for the above stations are also illustrated in Figs. 11a-d. 
Conclusions
These studies of local ground acceleration hazard based on MB, AM, TP and NTP models supply a common frame for estimation within the regional working area centred at Revithoussa, although different models provide different results. Among these, the NTP model is judged to be most reasonable because it is designed explicitly for Greek seismicity and its results are quite similar to the NEAK seismic estimation (Burton et al., 2003b) . Our common estimation suggests that there are three main zones likely to be detected within the Shield regional working area. The results for extreme earthquake magnitudes also support the above estimation although some are not as detailed as the acceleration study. The main results are discussed as follows :
The most important zone to be monitored is the region NWW or W from this site at a relatively short distance (50 km or less) for the expected high PGA value distributions. This is the Gulf of Corinth (active normal faults) region. The PGA value based on NTP model with 90% probability of not being exceeded during the time period T = 50 years (50-percentile, stiff soil sites) for data 1900-1999 (M S ≥ 5.5), PGA NTP , is in the range ≥ 250 cm s −2 . The largest magnitude M 50 expected over the time period of 50 years for the working area is in the range 6.7-6.8 and the values of the magnitude M p50 expected with a nonexceedance probability of 90% over the time period of 50 years are in the range 7.2-7.4. In addition, the corresponding parameters for the most perceptible earthquake magnitudes M VI , M VII and M VIII , corresponding to intensity VI, VII and VIII are in the respective ranges of 5. 8-6.0, 6.2-6.4 and 6.4-6.6 . This is the critical zone for early warning.
The second key region of seismicity likely to be detected is at an intermediate distance (100 km or more) from the Shield centre, the Hellenic seismic zone south or southeast from Peloponnisos. The corresponding parameters for estimations of local hazard are as follows: PGA NTP = 250 cm s −2 , M 50 : 6.6, M p50 : 7.0 − 7.2, M VI : 6.2 − 6.8, M VII : 6.4 and M VIII : 6.8 − 7.0.
The third region of seismicity likely to be detected would be northeast from the centre and is at a relatively long distance (about 150 km). This is Limnos Island and neighboring region in the area influenced by the western extensions of the North Anatolian Fault zone. The corresponding parameters for the estimations of local hazard are as follows: PGA NTP = 250 cm s −2 , M 50 : 7.0, M p50 : 7.0, M VI = 6.8, M VII = 7.0 and M VIII = 7.1. The corresponding parameters for estimations of local hazard for the Revithoussa centre itself are as follows: PGA NTP : 203 cm s −2 , M 50 : 6.5, M p50 : 6.9, M VI : 5.8, M VII : 6.1 and M VIII : 6.4.
The acceleration that has 90% probability of not being exceeded in 50 years based on the MB, TP, NTP, AM1 and AM2 models for all Shield seismic alert stations (Fig. 1a) of Revithoussa is listed in Table 3 . Among these data, PGA NTP for Stations 1-8 is respectively 139, 221, 197, 265, 197, 87 , 274 and 71 cm s −2 . The main parameters estimated to characterize the seismicity and hazard: the 50-year magnitude and at the 90% pnbe, M 50 and M P50 , and the most perceptible earthquakes at intensities VI, VII and VIII with magnitudes M VI , M VII and M VIII for all Shield seismic alert stations (Fig. 1) are also shown in Table 1 .
The above results and parameters supply a full base characterizing the local seismic hazard for the regional working area centered at Revithoussa and earthquake monitoring stations in this system providing an early warning Shield for the Revithoussa hydrocarbon site and gas distribution centre.
The parameters for the scenario such as M 50 listed in Table 1 are used as the criteria to select the characteristic events from the CD-ROM of the European strong-motion databank. The results for strong motion records selected as potential "alert signals" for Revithoussa and the Shield stations have been identified and are listed in Tables 4-7. The strong motion accelerograms (N-S, E-W and V) for these characteristic events for Revithoussa and the Shield stations are also illustrated in Fig. 11 . These analyses of seismicity and seismic hazard in relation to the Shield centre and the remote sensor sites in the Shield network help characterize the hazard levels, seismic signals and ground vibration levels that might be observed during the creation of an alert situation at a station.
